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(g) Electrically conducting polyRier film and method of manufacturing the same. 

@ An electrlcaJly conducting polymer fiim comprising an 
insulating polymer film and an electrically conducting aro- 
matic polymer layer formed at least partially In the Insulat- 
ing polymer film by electrochemical polymerization, where- 
in the insulating polymer film comprises a polymer film 
having at least two laminated layers. 
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Electrically. Conducting Polymer Film and 
Method of Manufacturing the Same 



The present invention relates to an electrically 
conducting polymer film and a method of manufacturing the 
same. 

10 Conventional electrically conducting polymer 

films are classified into the following two types: 

One is a general-purpose polymer material 
containing carbon black or a metal such as aluminum or 
stainless steel as a conductive filler. A resultant 

15 electrically conducting polymer films have an electrical 
conductivity of 1 to lo"^^ S.crri'Vu.cm) and is used as an 
antistatic agent, an electromagnetic .interference 
preventing material or the like. This film is prepared 
such that a polymer is fused and a filler is added thereto, 

20 and a resultant material is kneaded and molded- Therefore, 
a complicated, high-precision process must be used with 
high reliability of control, resulting in high cost. In 
addition, it is difficult for this film to obtain an 
electrical conductivity higher than 1 S-cmT^. In order to 

25 achieve a high electrical conductivity, the amount of 

filler must be increased. These excess amount of filler 
reduces the mechanical strength of the resultant film^ 
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Because of this poor mechanical property, a thin film 
cannot be easily prepared. 

The other conventional electrically conducting 
polymer comprises a polymer material with electrical 
conductivity. • This type of polymer has been developed as a 
material for various functional elements , polymeric 
superconductors and molecular device materials which are 
receiving a great deal of attention these days. For 
example, the conventional electrically conducting polymer 
comprises polyacety lene , polyphenylene-sulf ide, 
polyparaphenylene or the like. The main feature of these 
films lies in the fact that the polymer chains 
consist of conjugated double bonds, so that carriers are 
easily mobile along a molecular chain. When a proper 
impurity is doped, a high electrical conductivity of more 
than 10 S.cra ^ can be achieved. However^ this class of 
materials is generally unstable in air, and workability of 
-the film is also degraded. 

In addition to these conventional films, it was 
reported that some aromatic compotinds are electrochemically 
polymerized in a solution containing an electrolyte; to 
form atn electrically conducting polymer film on an 
electrode sidDstrate. Aromatic compounds of this type 
comprise heterocyclic cdnqpounds (e.g. , pyrrole and 
thiophene) or poly aromatic Compotinds such as azulene, 
pyrene ^nd triphenylene (e.g., J. Bargon, S. Mohmand and 
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R..J. Waltman, IBM Journal of Research & Development, 
Vol. 27, No. 4, P. 330, 1983). 

-However, a conventional electrically conducting 
polymer film formed by electrochemical polymerization on 

Sr..'. 

5 the electrode substrate has the following disadvantages: 

(1) Since: the mechanical strength of the film is 
weak, the films on the substrate or separated from the 
substrate are relatively fragile. Moldability of this film 
becomes poor. 

10 (2) Adhesion between film and substrate is weak, 

so that the film tends to peel from the substrate during 
film foxroation or cleaning. 

(3) The film surface is very coarse, and tends 

to lose gloss. 

15 (4) The resultant film is insoluble and cannot 

be fused, resulting in poor moldeODility . 

(5) When an electrode substrate such as NESA (trade mark) 
glass which has a high electrical resistance as compared 
with those of electrolytic solution and resultant polymer 

20 film is used, the film thickness becomes non-uniform. 

(6) Since impurity doping occurs at the same 
tiine with the polymerization, it is difficult to control 
the electrical conductivity pf film. . 

(7) Even a film having low .electrical 

25 conductivity becomes black and has low transmittance of 
visible light. The resultant film cannot be colored. 
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The principal object of the present invention is 
to provide an electrically conducting polymer film which 
has high mechanical strength and can be thin, if needed, 
and a method of manufacturing the same, wherein electrical 
conductivity can be controlled in a wide range. 

Xt is another object of the present invention to 
provide an electrically conducting polymer film having high 
electrical conductivity and a mechanical strength greater 
than ever before achieved and a method of manufacturing the 
same even if the film has high electrical conductivity. 

It is still another object of the present 
invention to provide an electrically conducting polymer 
film with excellent workability and a method of 
manufacturing the same. 

It is still another object of the present 
invention to provide an electrically conducting polymer 
film having a high transmittance of visible light and a 
method of manufacturing the same. 

It is still another object of the present 
invention to provide an electrically conducting polymer 
film having good adhesion with a substrate and a method of 
manufacturing the same. 

In order to achieve the above objects of the 
present invention, there is provided an electrically 
conducting polymer film comprising an insulating polymer 
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film which is liquid-impermeable and an electrically conducting 

aromatic polymer layer formed at least partially in the insulating 

polyifier film by diffusion through the insulating polymer film of monomer 

corresponding to the aromatic polymer and electrochemical polymeri- 

zation thereof within the polymer film. 

In the accomnan ng drawinos; 
^ Fig. 1 is an illustration of apparatus f^^- pe*-morm-?ng ? method of 

of manufacturing an electrically conducting polymer film according to 

the present invention; 

Figs- 2A, 2B and 2C are respectively sectional 
views showing the basic structures of electrically 

conducting polymer films prepared by the present invention; 

10 Fig. 3 is a graph showing the relationship 

between polymerization time and conductivity of a typical 

electrically conducting polymer film obtained by the 

present invention? 

Fig. 4 is a graph showing the relationship 

15 between conductivity and transmittance of the typical* 

electrically conducting polymer film obtained by the 

present invention; 

Figs. 5 and 6 are^ respectively, sectional views 

for explaining steps in manufacturing two- and three-layer 

20 electrically conducting polymer films on corresponding 

electrode substrates by means of electrochemical 

polymerization according to the present invention; 

Fig. 7 is a sectional view showing an 

electrically conducting polymer film according to another 

25 embodiment of the present invention; 

Fig. 8 shows the steps in manufacturing the 

polymer film shown in Fig. 7; 
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Fig. 9 shows an apparatus for manufacturing ah 
electrically conducting polymer film by using a cylindrical 
elesptrode for electrochemical 

polymerization; 
5 Figs. 10 and 11 are, respectively, 

representations showing plate-like and cylindrical (Fig. 9) 
electrochemical polymerization electrodes used for 
manufacturing an electrically conducting polymer film 
according to the present invention? 

10 Fig. 12 is a graph showing the relationship 

between surface resistance of electrically conducting 
polymer film and charge density in polymerization according 
to the present invention? and 

Figsi 13 A and 13B are graphs each showing the 

15 relationship between iritensity and etching time in Auger 
Electronic Spectrascopy of the films • 

An electrically conducting polymer film according 
to the present invention is manufactured by the principle 

20 of the method shown in Fig. 1. Referring to Fig. 1, one of 
the electrodes dipped in a solution 11 containing an 
aromatic compound subjected to electrochemical 
polymerization r a solvent and an electrolyte has a 
conducting layer 13 such as a conducting metal oxide film 

25 serving as an electrode on a stabstrate 12. Aii insulating 
polymer film 14 is formed on the conducting layer 13. The 
electrode having the construction described above is dipped 
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in the solbtion 11 together with another (counter) electrocie 

15. A voltage E is applied between two electrodes. 

H In this case, since the electrode substrate is 

coated with the insulating polymer film, a current does not 

5 - flow through the insulating polymer film. As a result, a 

conducting film will not be formed on the substrate. 

However, the present inventors have conducted an experiment 

by using the arrangement descfifaed above and found that an 

electrochemical polymerization occurred even on the 

10 insulated electrode surface and that a conducting polymer . 

layer was formed in the insulating polymer film. 

Many aromatic compounds can be used as monomer in 

this invention, but pyrrole is mainly used to explain the 

details of the present invention. Since the polymer films 

15 coated on the surface of the electrode are almost insulators, 

—10 -1 

having an electrical conductivity of less than 10 S.cm , 
polymerization of pyrrole is not considered to occur. 
However, when a solvent and an electrolyte are properly 
selected with respect to the insulating polymer film, 

20 pyrroliB molecules r and electrplyte anions,- diffuse in the 

polymer film and. polymerization occurs . The structure of the 
resultant film varies in accord^tnce with the type of 
insulating polymer film employed as the base and the 
composition of a solution subjected. to the polymerization 

25 reaction. As a result of this process, roughly three types 
of structures can be obtained, as . shown in Pigs. 2A, 2B and 
2C, respectively. . 
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Pyrrole electrochemical polyiaerization on thes 
electrode covered with the insulating pplymer film is 
initiated on the electrode surface by diffusion of pyrrole 

within the film and the electrolyte, so that 

5 conducting polypyrrole is produced at an interface between 
the electrode and film. When the polypyrrole so produced 
grows within the insulating polymer film, the. surf ace 

referred to hereinafter as the "electrode side" of the 
film which is in contact with the electrode becomes 

10 conductive. This state is illustrated in Fig. wherein 
the opposing surface (referred to hereinaftercas the "surface side") 

of the film is kept insulative. When 
electrochemical polymerization continues, the conducting 
portion in the film is increased. Finally, polypyrrole 

15 grows 1:o reach the surface, and 1:he film becomes entirely 
conductive. This state is illustrated in Fig, 2B. 
Normally, two states shown in Figs. 2A and 2B are obtained. 
However, when miscibility between the conducting aromatic 
polymer and the insulating polymer film is poor, or 

20 adhesion between the insulating pol3fmer film and the 

electrode is not sufficient, a conducting polymer layer 
having a multilayer structure shown in Fig. 2C is formed 
between the electrode and the polymer film. In this case, . 
the resultant multilayer film often shows a weak adhesion 

25 between the insulating polymer film and the conducting 
polymer layer, and two layers tend to separate from each 
other. These films cause problem Sin practice. However, 

- 8 - 
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when two or more insulating polymer films are laminated as 
will t)e described later, this multilayer structure is 
effective. 

The structures adopted in the present invention 

5 will be mainly those illustrated in Figs* 2A and 2B. 

Certain features of the electrically conducting 

polymer films thus prepared are summarized as follows. 

However, the characteristics of the films are not limited to these, as 

will be apparent from the following description. 

10 (1) The electrical conductivity can vary from a 

low conductivity of the insulating material to a high 

2 -1 

conductivity of about 10 S.ciii . The electrical 
conductivity can change by the polymerization time, as 
shown in Fig. 3. In this case, electrical conductivity is 
15 low at tiie very beginning of polymerization and is 

gradually increased, thereby obtaining a film of uniform 
thickness. 

(2) Since iJie electrically conduct:ing polymer 
film is obtained in the insulating polymer film employed as 

20 a base, the resultant conducting polymer film can be thin. 
In addition^ by selecting a suitable insulating polymer 
film, the resultant film can have high mechanical strength. 

(3) The present invention can be applied to 
almost all insulating polymer films. _ 

25 (4) The manufacturing method is simple, and a 

low-cost electrically conducting polymer film can be 
obtained. 
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(5) When an insulating polymer film having high 
. adhesion with the electrode surface is used, or a noble 

metal substrate is used as electrode, an electrically 
conducting polymeir film having good adhesion with the 
5 substrate can be obtained. 

(6) Even if a transparent electrode such as NESA 
glass . or indium tin oxide (ITO) having a 
relatively high surf ace resistance is used, polymerization 
can be performed uniformly, thereby obtaining a film having 

10 uniform electrical conductivity, 

(7) Although a conventionaL electrically 
conducting polymer has a color close to black, a film 
having a high trahsmittance can be obtained by adjusting 
the electrochemical polymerization time according to the 

IS present invention. 

Pig. 4 shows the relationship between optical 
density and conductivity of polypyrrole polyvinylcarbazo'le 
composite film prepared by this invention. 

Typical exampleis of the various materials used in 
20 the present invention Will be described hereinafter. . 

An insulating polymer film used in the present 
invention may comprise: polystyrene; a polystyrene 
derivative such as chlbromethylated polystyrene and 
polychlorostyrene; a copolymer . of styrene and a 
25 monomer (e.g., various vinyl esters, vinyl ethers, acrylic 
acids and their esters, metacirylic acids and their esters, 
maleic acid and its. esters , fumaric acid and its esters, 

- 10 - 
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maleic anhydride, halogenpvinylidene compounds, 
vinylchloride acrylonitrile , methacrylonitrile and 
prqpylene) ; or a copolymer of styrene with any aromatic 
vinyl polymer such as polyvinyl carbazole. Furthermore, 

5 the insulating polymer film may comprise a 

polyvihylchloride resin { i .e ., polyvinyl chloride and a 
copolymer of vinyl chloride with a monomer described 
above) . The insulating polymer film may also comprise a 
copolymer vinylidene chloride and one of various 

10 vinyl esters, vinyl ethers, aery lonitrile, 

methacrylonitrile and vinylchloride; polyvinylidene 
fluoride or a copolymer of vinylidene fluoride with, monomer 
described above, or polyvinyl acetate or copolymer of vinyl 
acetate with monomer describ.ed above. The insulating 

15 polymer film may comprise polyethylene, a copolymer of 

ethylene with a monomer as described above, polyethylene 
telephthalate, any nylon, polycarbonate, any cellulose, 
polyvinyl alcohol, rubber or the like. 

The insulating polymer film may also coir5>rise a 

20 thermosetting resin such as epoxy resin, phenol resin, 

melamine resin, urea. resin, acetal resin, poly imide resin, 
RTV silicone resin. 

The insulating polymer film may con5>rise a 
polymer film obtained by plastaa polymerization. 

25 Additives such as a plasticizer, a pigment, a 

plastid, a conductive filler, a defogging agent and a rust 
inhibitor may be used. In this case, it is desired to use 

. - 11 - 



( 

0247366 

the additives which ' dissolve very sparingly in the; 

electrolytic solution^ 

1 Ah aromatic compound subjected to electrochemical 

polymerization can be selected from pyrrole, 
5 3-methylpyrrole, N-methylpyrrole , IT-phenylpyrrole r 
thiophene, 3-inethylthiophene, aniline , furan, phenol, 
thiophenol , selenophene , tellurophene , biphenyl, azulene , 
p-terphenyl^ o-terphenyl, 2-hydr6xybiphenyl^ 
diph^nylsulf ide , 2- (a-thieny 1) thiophene , 
10 2- (a~thienyl) furan , 2- (2-pyrrolyl) pyrrole , 

2- ( 2 -pyrrolyi) thiophene, 2-phenylthiophene, a-thienylphenyl 
ether r p-furanyl-a-thienylselenide, 

2- (2-pyrrolyl) selenophene , 2- (2-seleninyl) tellurophene, 
N-vinylcarbazole, N-ethynylcarbazole , methylazulene and 
15 pyrene. 

An electrically conducting polymer solution must 
have a proper composition adjusted for the type of 
insulating polymer film used. The solution must satisfy at 
least the following conditions: 
20 (1) The solution does not dissolve the 

insulating polymer f ilm. 

(2) The solution dissolves an aromatic cOmpotind 
which can be electroohemically polymerized with the 
electrolyte . 

25 (3) The solution has an affinity with the 

insulating polymer so that an aromatic compound which can 

- 12 - 
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be subjected to electrochemical polymerization can be 
diffused in the insulating polymer film« 

• V An electrolyte for electrochemical polymerization 

comprises any compound such as organic quaternary ammonixim 

salts, inorganic salts, or strong acids of protone acid. 

An acetonitrile solvent is normally used. However, any 

solvent can be used when the solvent allows the aromatic 

compound to perform electrochemical polymerization and 

dissolves a proper electrolyte. For example, the solvent 

is selected from a nitrobenzene— based solvent, a propylene 

carbonate-based solvent, an ethylene glycol-based solvent, 

an aqueous solvent, an N,N-dimethylformamide-based solvent, 

and a dimethylsulf oxidei-based solvent.. However, any other 

solvent may, if necessary, be used. 

An electrochemical polymerization substrate comprises a 

noble metal such as gold, platinum and palladium; a base mstal (that 
is, a metal of lower worth and greater reactivity than a nob1e..ineta1 ) 
siich AS nickel, cfiromium and 

stainless steel; a conducting metal oxide such as, stannic, 
oxide, indium oxide and ITO (indium tin oxide); an ' 
inorganic semiconductor such as silicon and amorphous 
silicon; or a material obtained by depositing one of the 
above materials on a proper substrate, by means of 
evaporation, sputtering > CVD, plating, or coating*. The 
electrocheradcal polymerization substrate may comprise a 
laminate obtained by stacking at leasrt two layers of the 
above-mentioned electrode materials* An electrode laminate 
may be formed into a driim to produce films continuously* 

^ 13 



02^7366 



The resultant electrically conducting polymer 
film can be used as an electromagnetic interference 
preventing film, an antistatic film, a photosensitive image 
sensor film, a solar battery film, and so on. 
5 In addition, the present inventors found that at 

least two different insulating films can be layered in the 
electrochemical polymerization, and that a resultant 
layered film had often superior film quality to that of a 
single conducting film. 

10 As shown in Fig. 5r a first insulating polymer 

film 14 is coated on a substrate 12 having an electrode 13. 
A second insulating polymer film 21 is formed on the first 
insulating polymer film 14 in a state (a) . The 
electrochemical polymerization of aromatic compounds by 

15 using this electrode produces a two— layer composite 
electrically conducting polymer film. 

Tn this case, the aromatic polymer is mixed in 
the two layers 14 and 21 as shown in state (b) , or is mixed 
only in the layer 14 as shown in 3tate (c) • 

20 Even an insulating polymer film having at least 

... y ' 

three layers can be a composite electrically conducting 
polymer filia having a multi-layer structure by properly 
selecting the type and thickness of the polymer film and 
the type of solvent. 
25 When a polymer compound containing an epoxy group 

such as polyglycidyl methacrylate, or a polymer compound 
containing an OH group such as novolak resin is used as the 

- 14 - 
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insulating polymer f ilm^^ . a resultant conducting film is 
strongly adhered to the electrode surface. 

^ On the other hand,, when an aromatic polymer such 

as polystyrene, chloromethylated polystyrene , 
5 polyvinylphthalate, or polyvinylcarhazole is used to form 
the insulating polymer film, a relatively unifpzin composite 
electrically conducting polymer film having a controlled 
electrical conductivity is obtained* However, this polymer 
film has weak adhesion to the substrate and can be easily 

10 peeled therefrom. 

When an aromatic polymer layer is laminated on a 
polymer layer having good adhesion with electrode surface, 
the electrochemical polymerization produces a uniform 
composite electrically conducting film which has good 

15 adhesion and uniform and controllable conductivity. 

When a polyioaer filia, which has poor miscibility 
with electrically polymerized conductive polymer, such as 
polyethylene or polypropylene type polymer is used as top 
layer of two-layer insulating film, a two-layer structure 

20 having a composite layer of conductive polymer with bottom 
insulating film and top polymer film which is still 
insulated can be easily obtained. This insulating film can 
be used as protective layer of electrically conducting 
film. 

25 in the case of combination of an aromatic polymer 

film as bottom layer and a polymer film with poor 
miscibility as top layer the electrochemical polymerization 

- 15 - 
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produced uniform, conductivity-controLled cdmp6slt:e 
electrically conducting polymer covered with an insulating 
pol^ymer film<* 

When three kinds of polymer film are laminated, a 
5 multilayer composite conducting polymer film having a 

combination of respective layers can be obtained. As shown 
in Fig. 6, a polymer film (first layer) 14 having good 
adhesion with a substrate 12 is formed on the substrate 12 
having a conductive surface fan electrode) 13 thereon. An 
10 a.romatic polymer film (second layer) 21 for controlling 

electrical conductivity is formed on the first layer 14. A 
polymer film (third layer) 23 with poor miscibility is 
farmed on the second layer 21, The resultant substrate (a) 
is electrochemically polymerized to obtain a form, 
15 conductivity-controlled composite electrically conducting 
polymer film having good adhesion, which are covered with 
insulating polymer film. 

According to the conducting polymer film of the 
present invention, the transparency of film is improved, as 
20 previously described. 

The present inventors found that when th^ 
insulating polymer film was made conductive and the 
electrochemical polymerization time was shortened, the 
electrical conductivity could not be greatly increased, but 
25 the resultant semiconducting film had high trarismittance to 
visible light: However, when a film has a practical 
thickness such as, more than 20 ym (micron), short polymerization 
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time cannot make the whole film conductive and only the 
film surface which is in contact with the electrode surface 
becomes conductive. When the resultant film is used as a 
semiconductor film having a high transmittance to visible 
light, only one conductive surface is utilized. 

On the other hand, when both surfaces of the film 
having the thickness described above are made conductive, 
the electrochemical polymerization time must be prolonged, 
thereby decreasing the transmittance. 

According to the present invention, a conducting . 
polymer film with electrochemical polymers mixed in the 
surface and electrode side layers of the film can be 
provided although the entire film is not made conductive. 

Pig. .7 shows a typical example of the above case. 
Referring to Fig. 7, upper and lower surface layers 32 and 
33 of aji insulating polymer film 31 comprise a composite 
structure obtained by electrochemically polymerizing the 
eoromatic compound in the polymer film - 

The thickness of the composite conducting surface 
layer greatly depends on tiie electrochemical polymerization 
conditions of the aromatic compound, especially ttie 
electrochemical polymerization time; When the 
polymerization time is increased, the thickness of the 
conductive composite layer is increased. As a result, the 
entire film is made conductive , and no insulating part will 
appear. 
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Fig 8 shows steps of a method of manufacturing a 
conducting polymer film according to the present invention. 
Reference numerals 31 to 33 in Fig. 8 denote the same parts 
in Fig. 7. Reference numerais 30 and 30' denote 
5 electrodes. An insulating polymer film 31 is adhered to an 
electrode 30 (step A). The electrode 30 is used as a 
positive electrode, and electrochemical polymerization of 
an aromatic compound is performed in aji electrochemical 
polymerization solution. An electrochemical polymer is 

10 formed in a surface layer 32 of the polymer film which is 
in contact with the electrode 30 (step B) . The resultant 
film is peeled from the electrode r and the opposite surface 
is adhered to the electrode 30* (step C) . This electrode 
is used as the positive electrode, and electrochemical 

15 polymerization of an aromatic compound is performed in the 
electrochexhical polymerization solution. A composite, 
electrochemical polymer is formed in the surface layer 33 
adhered to the surface thereof which is in contact with the 
electrode 30' (step D) . A conducting polymer film having 

20 upper and lower conducting layers is t4ie nesu1t(E}. 

Ill the above process «r the electrodes 30 and 30* 
may be the same or different in respective steps. In 
addition, the electrochemical polymerization solution used 
in step B may be the same as or different from that in step 

25 X>\ In other words, electrochemical polymers of different 
types of aromatic compounds may be used. 

- 18 - 
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In order to manufacture an electrically 
conducting polymer film according to the present invention, 
a continuous manufacturing apparatus using a cylindrical 
electrode can "be used to improve productivity and decrease 
5 manufacturing cost. Fig. 9 is a side view of a conducting 
film forming apparatus using the cylindrical electrode 

for electrochemical polymerization. Referring 

to Fig. 9, reference numeral 81 denotes a cylindrical 
electrode; 82, a film; 83, a thermal transfer roller; 84, 
10 an electrochemical polymerization solution; 85 , an 
electrochemical polymerization tank; 86, a counter 
electrode; 87, a terminal; 88, a guide roller; and 89, a 

power source - 

An insulating polymer film is adhered by the 
15 thermal transfer roller 83 to the cylindrical electrode 81. 
The thermal transfer roller 83 is slowly rotated to dip the 
film in the electrolytic solution. A voltage is applied 
between the counter electrode 86 and the terminal 87 so as 
to perform electrochemical polymerization. Polymerization 
continues for a tijne period during which the film is being 
dipped in the solution. The polymerized film is peeled 
from the cylindrical electrode and washed and dried. The 
dried film- is then -wound. . 

Instead of adhering the film by the thermal 
transfer roller, the film can be directly formed by casting 
on the roller, thereby continuously forming the conducting 
film. In addition; an electrode material is proposed 



20 



25 
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according to the present invention which allows formation 
of a conducting polymer film of large area. When 
electrochemical polymerization is performed, the polymer 
film must be adhered to the electrode and must be easily 
5 peeled from the electrode so as to obtain a unif oirm 
conducting film of large area when polymerization is 
completed. However, when a noble metal substrate as 
previously mentioned is used, the substrate has uniformity 
but is expensive. In addition, it is often difficult to 
10 peel the film from the substrate. When a base metal is 
used, it has uniformity but the film cannot easily be 
peeled off* When electrochemical polymerization reaction 
is repeatedly perfojnned, the surface of the base metal 
electrode is often degraded by a side reaction. When a 
15 metal oxide such as ITO is used, it has a higher resistance 
than that of a metal substrate. As a result, a slight 
resistance distribution of the conducting film occurs- 

In order to overcome these problems, a conducting 
metal oxide layer or a doped semiconductor layer is 
20 laminated on the bas^ metal liayer so as to constitute the 
most suitable electrode « 

Pig* lb shows a laminate obtained such that a 
base metal layer 42 is formed on an insulating substrate 
41, and s^ch that an electrically conducting metal oxide 
25 layer or a doped inorganic semiconductor layer 43 is 

formed. The base metal layer comprises aluminum, chromium, 
nickel, stainless steel or copper and is formed by 

- 20 
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20 



25 



evaporation, sputtering or the liTce. The thickness of the 
base metal layer may slightly vary in accordance with 

o 

electrical conductivity, but must be more than 50nra (500 A ) so as* 

to obtain a uniform electrically conducting electrochemical 

polymer. 

The electrically conducting metal oxide layer or 
doped inorganic semiconductor layer is laminated on this 
base metal layer • The conducting metal oxide comprising 
tin oxide, indixim oxide, indium tin oxide (ITO) or the like 
is normally formed by evaporation or sputtering. 

An inorganic semiconductor may be used as a 
laminate layer in addition to the metal oxide. In iihis 
case, a substantial amount of . impurity is doped in a 
semiconductor layer so as to effectively decrease 
electrical resistajice* Amorphous or polysilicon is the 
best material for such a uniform semiconductor layer 
without pinholes. However, germanium or gallium arsenide 
may be used in place of amorphous silicon. The laminate is 
formed by CVD, sputtering or the like. An impurity is 
doped in a corresponding semiconductor material. 

Fig. 11 shows a cylindrical electrode for 
continuously forming an electrically conducting polymer 
film. Iii order to continuously form a conducting film by 
electrochemical polymerization, it is prief arable to form 
an electrode in a drum- like shape. Referring to Fig. 11, 
when an electrically conducting metal oxide layer or a 
doped inorgainic semiconductor layer 53 is formed on a base 



- 21 - 



0247366 



metal drum 51, a base metal layer 52 is foirmed on the 
surface of a drum made of any material, and the 
electrically conducting metal oxide layer or the doped 
inorganic semiconductor layer 53 is laminated on the base 
5 metal layer 52* A film is formed on the drum-like 

electrode, and electrochemical polymerization is performed 
in the electrochemical polymerization tank while the drtim 
is being rotated • The resultant conducting polymer film is 
peeled from the drum and washed. Thus, a uniform film can 
10 be continuously fonaed, and repeated use of the electrode 
can be obtained. 

In order to make the diffusion of aromatic 
compound to be polymerized and electrolyte anion in the 
insulating polymer film much easier, the film may comprise 
15 a porous material. In this porous film the electrolyte and 
the aromatic confound tend to be diffused, and 
polymerization is accelerated, thereby obtaining a unifom 
conducting film for a shorter polymerization time. 

A method of preparing a porous . polymer film is 
20 known wherein a gel of a polymer, solution is prepared and a 
solvent, or the like is removed or any foaming agent is 
used. A porous material prepared by a solvent extraction 
method or neutron radiation method is commercially 
available. 

25 Such a porous material can be used as a film 

which will be made conductivfs according to the present 
invention. However, in this case, a porous film must be 
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adhered to the electrode. For this reason^ various methods 
may be proposed. Utilizing a simplest method/ a porous 
fil^ is adhered to the electrode through a thin phenol or 
epoxy adhesive layer. In this case^ the phenol or epoxy 
5 resin layer is also made conductive. 

According to the present invention, when 
thickness of an electrically conducting film is small, it 
is uniform and has high electrical conductivity.^ However, 
when thickness is increased, the film becomes nonuniform. 
10 In order to solve this problem, a conductivity filler may 
be used. 

Examples of the filler may include: a carbon 
material such as carbon powder, carbon fiber and acetylene 
black? powder or flake of a metal such as aluminum, copper 

15 and stainless steel; a powder or flake of a conducting 

metal compound such as indium oxide and titanium oxide; a 
powder or flake of a noble metal such as gold, platinum^ 
rhodium and palladiiam; and a powder or flake of a base 
metal such as nickel > stainless steel, and brass. However, 

20 a metal such as alumintui and copper is partially subjected 
to a side reaction when electrochemical polymerization of 
an aromatic compound is performed. Therefore, these metals 
are not preferred. 

When thickness is increased or miscibility 

25 between the insulating polymer film and the aromatic 

polymer material obtained by electrochemical polymerization 
is poor, a uniform conducting film cannot be formed. In 

- 23 - 



N<snnnirv <-ps> 



0247366 

order to improve this, a removable material is premixed in 
a polymer film when the polymer film is coated on the 
electrode substrate. 

This material is removed before and during the 
5 reaction / and a number of small voids are formed in the 
polymer film. For this reason, the electrolyte and the 
aromatic compound tend to be diffused in the film, and 
polymerization is accelerated. As a result, a uniform 
electrically conducting polymer film is prepared. 

10 The removable material is preferably mixed with 

the polymer film for the above reason so as to form a 
uniform film. The removable material may comprise a 
material (e.g. , low-melting point halogenated hydrocarbon,, 
phthalic cLnhydride and camphor) which is volatile by heat 

15 and/or reduced pressure; a material (e.g., an aromatic 

compound as a raw material for pyrrole, an electrolyte, or 
an electrolyte- soliible material such as dialkylphthalate) 
soluble in an electrolytic solution; or a combination of 
the solvent-soluble material and a solvent (i.e., a . 

20 combination of sodium chloride and water) . The removable 
material is then removed before and during the reaction. 

The present invention will now be describecL by 
way of examples. However, the present invention will not 
be limited to these examples. 

25 Example 1 . . 

As shown in Fig. 1, chlo roraetfiyl at ed polystyrene 
(to be referred to as a CMS hereinafter; molecular weight: 
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300|000) was coated by spin coating on a substrate 12 
having Nesa glass to form a film 13 • The siabstrate coated 
with the film 13 was illuminated by an Xe lamp for 
10 minutes so as to perform CMS crosslinking. This 
5 substrate was used as a cathode^ and a platinum mesh was 
used as an anode . The substrate was dipped in the 
electrolytic solution, and a constant voltage of 1*3 V was 
applied between two electrodes , thereby electrbcheinically 
polymerizing pyrrole. 

The electrolytic solution was prepared such that 
1 mol/Jl of pyrrole and 0.3 mol/Z of electrolytic salt 
(tetraethyiammoriium tetraf luoroborate) were dissolved in 
acetonitrile. The electrochemical polymerization was 
carried out for 10 minutes. . Although the NESA glass 

15 substrate is covered with the insulating film (CMS) having 
a thickness of 1 jum . polypyrrole was produced on 

the substrate when electrolysis was completed. 

The insulating film was rinsed with acetonitrile 
arid dried under a reduced pressure for 24 hours. 

20 Thereafter, the insulating film was kept in a dark place. 
The resultant CMS/polypyrrole composite film had good 
adhesion with the substrate and good mechanical strength, 
as compared with the case wherein polypyrrole was directly 
precipitated on the NESA glass substrate. 

2g The CMS/polypyrrole fi3jn was peeled from the NESA 

glass substrate. The electrical conductivity of the 
resultant film was measured. This measurement was 
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performed as follows. Gold was deposited on the 
CMS/polypyrrole film by using a metal mask so as to 
constitute a gold electrode having a predetermined area. 
Lead wires were connected to the gold electrode , and the 
5 electrical conductivity was measured in accordance with a 
4-terminal method. The electrical conductivity of the 
CMS/polypyrrole film was det:e3nnined to be 5.2 S.cra \ 
Examples 2 to 8 

In the same manner as in Example 1, novolak resin 
10 (Examples 2 and 3), resole resin (Example 4)^ AZ-1350 

(Example 5) available from Shipley, RTV (room temperature 
vulcanizing) silicone rubber (Example S) r 

polyglycidylmethacrylate (Example 7) , and butadiene rubber 
(Example 8) were spin-coated on corresponding conducting 

15 substrates. The coated materials were crosslinked by heat 
or high— energy radiation. On the resultant, substrates, 
pyrrole was electrochemically polymerized in accordance 
with the same technlcjue as in Example 1, thereby obtaining 
cross-linked polymer /polypyrrole Composite films. The 

20 thicknesses and conductivities of the resultant films are 
summarized in Table 1. In either case, the film had high 
electrical conductivity. Reference symbol EG denotes 
ethylene glycol. 

25 
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In particular, the conducting films of Examples 6 
and 8 could be elongated or stretched by over 50%, and the 
mechanical strength thereof were greatly improved. 
Examples 9 to -15 

In the same manner as in Example 1, CMS was 
spin-coated on NESA glass and crosslinked upon light 
radiation* This substrate was used as the cathode. The 
respective substrates ar^ dipped in solutions of thiophene 
(Example 9) , 3-methylpyrrole (Example 10) , N-methylpyrrole 
(Example 11)/ azulene (Example 12) , methyl azulene (Example 
13) , pyrene (Example 14) and carbazole (Example 15) • A 
cotinter electrode comprised a platinum electrode • As a 
result r CMS /conducting polymer films were prepared by 
electrochemical polymerization. These films had higher 
mechanical strength than the single polypyrrole film in the 
same manner as in Example 1. The thicknesses and 
conductivities of the resultant films axe summarized in 
Table 2, The substrate comprised MESA glass, the 
crosslinking polymer was CHS, the electrolytic salt was 
f luorbbor ate , perchlorate, sulfate or the like. 
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Example 16 

Chloromethylated polystyrene (to be referred to 
as CMS; molecular weight: 300,000) was spin-coated on a 
NESA glass substrate to a thickness of 1 ym. The substrate 
5 coated with this film was used as a cathode, and a net-like 
platinum electrode was used as an anode. The substrate was 
dipped in the electrolytic solution, and pyrrole was 
electrocheraically polymerized at a constant voltage o£ 0.9 
to 1.5 V. The electro* chemical solution was prepared such 

10 that 1 mol/i2r of pyrrole and 0.3 mol/H of tetraethyl ammonium 
tetrafluoroborate as the electrolytic salt were dissolved 
in a solution of acetonitrile-water^ethylene glycol (90 : 5 
: 5) . Electrochemical reaction (polymerization) time 
varied from 5 to 60 minutes. Although the MESA glass 

15 substrate was covered with the insulating film, black 
polypyrrole was precipitated upon application of an 
electric field, and its thickness was increased. Fig. 3 
shows the relationship between the polymerization time 
(minutes) of pyrrole aiid the electrical conductivity (cr) of 

20 the resultant film^ According to this graph, it was found 

that when polymerization time changed , electrical 

9 • 

conductivity of the film can be changed about 10 times, 
and that film having a desired conductivity was prepared. 
Example 17 

25 Polyvinyl chloride film was formed by easting on 

a NESA glass siibstrate to a thickness of 1.2 ym. On the 
substrate with polyvinyl chloride film, pyrrole was 
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electrocheraically polymerized in an electrolytic solution 
for 20 minutes at a voltage of 1.2 V. The electrolytic 
so^,ution was obtained such that 1 mol/£ of pyrrole and 
0.3 mol/£ of tetraethylammonium perchlorate were dissolved 
5 in a solvent mixture of 

acetonitrile^tetrahydrof uran-water-ethylene glycol (58 : 40 
: 1 : 1) • As a result^ polypyrrole was formed* The 
electrical conductivities of the upper and lower surfaces 
of the single layer were 8 S.cm"^ and 3 S.CRi"\ 
10 Comparative Example 

Even if the same film as in Example 17 was 
electrochemically polymerized in a solution of 
acetonitrile/ethanol (1 : 4) , the formation of polypyrrole 
was not observed. 
15 . As is apparent from Exan^le 17 aixd the 

Comparative Example, the electrochemical polymerization 
solvent must be optimized for each resin so as to prepare a 
uniform film. In other words, the monomer must be 
sufficiently diffused in an insulating polymer film and 
20 must reach the electrode surface. Xn this Comparative 
Example, it is suggested that no diffusion occurs since 
ethanol does not serve as a solvent to cause swelling of 
polyvinyl chloride film« In the cJDOve-mentibned examples, 
electrochemically oxidized polypyrrole can grow in the film 
25 when a sufficient space is produced in the insulating 
polymer film by swelling, thereby obtaining composite 
.fi3jns. 
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Examples 18-58 

Thermoplastic resin films shown in Table 3 were 
coated by spin coating or casting on corresponding • NESA 
glass substrates to a thickness of 1 um i mol/jl of 

5 pyrrole and 0.3 mol/Jl of tetraethylammonium 

tetraf luorobdrate were dissolved in each of the solvents 
shown in Table 3. On the resultant substrates with the 
respective resin films, , pyrrole was electrochemically 
polymerized in the corresponding solvents for 20 minutes at 
10 a voltage of 1.2 V. As a result, black polypyrrole was 
formed on each of the films. The resultant films were 
unifoann in the same manner as in Example 16. 

The thicknesses of the composite films and the 
electrical conductivities thereof were measured, as shown 
15 in Table 3. 

Referring to Table 3, the substrate coit^rised the 
Nesa- glass siibstrate, polymerization was carried out for 20 
minutes at room temperature. Reference symbol MEK denotes 
methyl ethyl ketone; EG, ethylene glycol; and DMF, 
20 N,N-dimethylformamide. 
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As is apparent from Table 3^ it was found that 
any type of filiti had high electrical conductivity. In this 
mangier, any theinnoplastic resin, film coated as a thin film 
on the substrate can be properly converted to an 
5 electrically conducting polymer film by properly selecting 
composition of an electrochemical polymerization solution. 
Therefore, the thermoplastic resin films used in the 
present invention are not limited to those described with 
reference to the Examples, but may be extended to any 

10 thermoplastic film. 
Example 59-83 

Thermoplastic resin films shown in Table 4 were 
coated by spin coating or casting on corresponding Nesa 
glass substrates to a thickness of 1 Aim 1 mol/l of 

15 pyrrole and 0,3 mol/il of tetraethylammonium per chlorate or 
tetraethylammonium p-toluene sulfonate were dissolved in 
each of the solvents shown in Table 4. On the resultant 
substrates with the respective resin films , pyrrole was 
electrochemically polymerized in the corresponding solvents 

20 for 20 minutes at a voltage of 1*2 V. As a result, black 
polypyrrole was formed on each of the films. The resultant 
films were \iniform in the same manner as in Example 16. 

ThicJcnesses of the composite films and the 
electrical conductivities thereof were measured, as shown 

25 in Table 4. 

Referring to Table 4 , the substrate comprised the 
NESA glass substrate, polymerization time was 20 minutes 
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and polymerization tiempera-bure was room temperaliure . 
Symbols used for /the solvents denote the same as in 
Table 3. . 
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Examples 84-89 

Polyvinyichloride film was cast on HESB glass 
suh^strates to a thickness of about l-Zura in the same 
manner as in Example 17. These substrates were used as 
5 positive electrodes, respectively. 3-methylpyrrole 
(Example 84) , N-methylpyxrole (Example 85) , thiophene 
(Example 86), azulerie . (Example 87) , methylazulene (Example 
88) and pyrene (Example 89) were dissolved in the 
respective solvents shown in Table 4. A platinum electrode 

10 served as the counter electrode in each of the solvents. 
On the substrates each monomer was electrochemically 
polymerized for 20 minutes. The thicknesses of the 
resultant films were increased, and the electrical 
conductivities thereof were also increased. The test 

15 results are summarized in TsJ^le 5. 

Referring to Table 5, the substrate comprises the 
NESA ' substrate, polyvinyichloride thickness was about 

1 xm polymerization time was 20 minutes and 

polymerization tempe^rature was room temperature. The 

20 electrolyte in each of the Examples 84 to 87 was 0,3 mol/Jl 
of tetraethylammonium perchlorate. 
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Examples 90 and 91 

1.2 ym thick polyvinylchloride film was cast on 
a gj-ass substrate (Example 90) deposited with O.Ijum 
thick gold^ or on an n-type phosphorus-doped silicon 
5 substrate (Example 91) having a resistivity of 15 n*cm. 
These substrates were dipped together with the 
corresponding counter electrodes in a solution obtained 
such that 3 mols/£ of pyrrole and 0,3 mol/Z of 
tetraethylammonium p-toluenesulfonate were dissolved in 

10 acetonitrile. The substrate was electrochemical ly 

polymerized at a voltage of 1.2 V for 20 minutes. As a 
result, a film was formed on the gold-deposited substrate 
to a thickness of 1.8 im and a film was formed on the 

n-type silicon substrate to a thickness of 1.65 uto 

15 The electrical conductivities of these films were 6.0 S.cm ^. 
and 3.2 Stcm"^, respectively. In this manner, unifom 
electrically conducting polymers were formed on the metal 
substrate and on the semiconductor substrate, respectively. 
Example 92 

20 A NESA glassi substrate was placed in a reaction 

chamber to which styrene was introduced at a Vapor pressure 
of 3.33PS (2.5 xiO""^ Torr ) An RF power having a frequency of 
13.56 MHz was applied to the reaction chamber. The 
substrate /was exposed at a discharge power of 10 W, a gas 

25 flow rate of 10 cc/minute, and a substrate temperature of 
40**C for 15 minutes. A plasma polymerized polystyrene film 
having a thickness of about 1.0 un - was obtained. This 

- 45 - 



0247366 



substrate with the film was used as a cathode, and a 
net-like platininn electrode was used as an anode. These ' 
electrodes were dipped in an electrochemical polymerization 
solution, and pyrrole was electrochemically polymerized at 
5 a constant voltage of 1,3 V. 

The electrochemical polymerization solution was 
prepared such that 1 mol/£ of pyrrole and 0.3 mol/£ of 
tetraethylammonium tetraf luoroborate as an electrolytic 
salt we.re dissolved in acetonitrile. By applying voltage, 

10 .polypyrrole was formed on the substrate. A thickness of 
the composite film was increased. After 5 minutes 
polymerization,, the film was washed and dried. The 
thickness of the composite film was measured to be about 
1-2 un • . The electrical conductivity along the 

15 diirection of the film thickness was less than 1 S.cin"\ The 

electrical conductivity along the direction of the 

thickness before polymer iza^t ion was 10 S.cm . Therefore, 

by 5 ^minute polymerization, conductivity was increased by 
8 

more than 10 times. However, the resultant film was 
20 strongly adhered to the NESA .glass substrate, so an 

accurate electrical conductivity of the conducting film 
could not be measured. 
Example 93 

In the same manner as in Example 92, a NESA glass 
25 substrate coated with a plasma polymerized polystyrene film 
was electrochemically polymerized in the same electrolytic 
solution as in Example 92 for one hour. A a result, a 
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black polymer- film having a thickness of 2.5 was 
obtained. This film could be peeled from the substrate and 
hai^ .a high electrical conductivity of 35 S.cm . 
Example 94 

5 A NESA glass substrate was placed in a reaction 

chamber to which methylmethacry late was introduced at a 
vapor pressure of 5.33Pa .(4 x lO"^ Torr)^ An RF volt«age having a 
frequency of 13.56 MHz was applied to the reaction chamber. 
The substrate was exposed at a discharge power of 10 a 

10 gas flow rate of 20 cc/minute, and a substrate temperature, 
of 20**C for 3 and 15 minutes. Plasma polymerized 
polymethylmethacrylate films having thicknesses of about 
0.4 um -1 and 1.1 urn were obtained. Electrochemical 

polymerization was performed for 20 minutes under the same 

15 conditions as in Example 92. No polypyrrole was grown on 
the 1.1 un> - thick film. However, polypyrrole was 
uniformly grown on the 0.4 uin thick film. This film 
could be peeled from the . substrate. Therefore, the 
polypyrrole film was deposited on only the electrode side 

20 of the substrate, thereby obtaining a two-layer structure. 
Electric conductivity of the polypyrrole surface was about 
50 • S.cm"^. 
Example 95 

A NESA glass substrate was placed in a reaction 
25 chamber to which methylmethacry late was introduced at a 
vapor pressure of 5.33Pa (4 x lO"^ Terr). An RF voltage having a 
•frequency of 13.56 MHz was applied to the reaction chamber. 
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..The subsiira-te was exposed at a discharge power of 10 W, a 
gas flow rate of 20 cc/minute^ a substrate temperature of 

In this case, a cycle consisting of a discharge time 
of 10 seconds and a nondischarge time of 90 seconds was 
5 repeated for 60 minutes. A plasma polymerized 

polymethylmethacrylate film having a thickness of about 1.1 
um, . was obtained. This substrate was dipped in an 
electrolytic solution prepared such that 1 mol/£ of pyrrole 
and 0.3 mol/l of tetraethylammonium tetraf luoroborate were 

10 dissolved in a solvent mixture of acetonitrile r 

dimethylsulf oxide (95 : 5) . On the stabs trate^ pyrrole was 
electrdchemically polymerized at a voltage of 1.2 V for 20 
minutes. A black polypyrrole— plasma polymerized 
polymethylmethacrylate composite film having a thickness of 

15 1.4 urn was obtained. Resistance of this film along 

its thickness was very small, and the film had good 
adhesion. The film was partially cut from the substrate, 
and its electrical conductivity was 2.5 S,cm ^. 
Example 96 

20 A NESA glass substrate coated with the same film 

as in Example 95 was dipped in a solution of 
acetonitrile-dimethylsulf oxide (95 : 5) dissolved with 
1.5 molsA of thiophene and 0.3 mol/i of AgClO^ and was 
electrochemically polymerized at a voltage of 1.5 V for 20 

25 minutes. As a result, a brown film having a thickness of 
1.35 urn was obtained. This film had good adhesion 
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with the substrate. The film was partially cut from the 
substrate, and its electrical conductivity was 1.2 S.cm"^. 

\ In the above example, the film was entirely 

changed conductive. However, when polymerization time is 
5 properly set, the film has only one conducting surface. 
This example will be described below. 
Example 97 

A polyvinylchloride film (moleculair weight of 

* 

70,000) was coated by casting on a NESA glass substrate to 

10 a thickness of about 3 um . This substrate was dipped 

together with a platinum counter electrode in an 
electrolytic solution obtained such that 0*3 mol/i of 
tetraethylammoniuin p-toluenesulfonate cind 1 mol/^ of 
pyrrole were dissolved in a solvent mixture of aicetonitrile 

15 • nitrobenzene (3:1). On the substrate pyrrole was 

electrochemically polymerized at a voltage of 1.6 V for 30 
minutes, thereby precipitating black polypyrrble. The 
resultant film could be easily peeled from the Nesa glass 
substrate and was soft, mechanically strong, smooth and 

20 glossy. The resultcint film was partially cut from the 

substrate , and the electrical conductivities of the surface 
side (contacting with the electrolytic solution) and the 
electrode side (contacting with the NESA glass siibstrate) 
of the film. were measured by the 4-terminal method. The 

25 conductivities of the surface and electrode sides were 

IQ-^^ S.cm and 12 S.an"\ respectively. This film could be 
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elongated. No separation between conduction layer and 
insulating - layer was ob served • 
Example 98 

A vinylchloride-vinylidene copolymer (82 : 18) 
was coated by casting on a NESA glass substrate to a 
thickness of 2.5 The substrate coated with this 

film was dipped together with a platinum counter electrode 
in an acetonitrile solution dissolved with 0.3 mol/i of 
tetraethylammonium perchlorate and 1 mol/it of pyrrole. On 
the substrate pyrrole was electrochemically polymerized at 
a voltage of 1.6 V for 30 minutes. A glossy black film was 
obtained and could be easily peeled from the stibstrate. 
The electrical conductivity of the surface side was less 
than 10"^°- S.cn \ and ^ the electrical conductivity of 
electrode side was 8 S.cni \ Even if this film was 
elongated to i200%, phase separation did not occur, nor did 
the polypyrrole layer peel off. 
iExample 99 

. A polyvinylidene fluoride film was coated on a 
NESA glass substrate to a thickness of 1.8 ^^'^ This 
substrate was dipped together with a platinum electrode in 
an acetonitrile-ethylene glycol solvent mixture (9 : 1) 
dissolved with 0.3 inol/£ of tetraethyleneammonium 
p-toluenesulfonate and 1 mol/A of pyrrole. On the 
substrate r pyrrole was electrochemically polymerized at a 
voltage of 1.8 V for 30 minutes, thereby precipitating 
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black polypytroiia. The black film could be easily peeled 
from the siibstrate and had high mechanical strengths 

^ The electrical conductivity of the surface side 

was less than lO""''® S.cro"\ and the electrical conductivity 
5 of the electrode side was 4.5 S.cia ^ The resultant film 

could be elongated to at least 200%, but no film separation 
could be observed. 

As shown in these second examples, the film of 

» 

which conductivities of both sides greatly differ from each 
10 other can be obtained. 
Example 100 

Polyyinylchloride (molecular weight of 700,000) 
was cast from a methyl ethyl ketone-tetrahydrofuran (1. s 1) 
on aji ITO sxibstrate, thereby obtaining six saii^les 
15 polyvinyl chloride films each having a thickness of about 
1.2 urn. 

The respective substrates were dipped in a 
solution obtained by dissolving 1 mol/il of pyrrole and 
0.3 mol/£ of tetraethylammonium p-toluenesulf onate in 

20 acetonitrile smd pyrrole was electrochemically polymerized 
at a voltage of 1.6 V for 2 minutes , 4.5 minutes, 6 
minutes, 8 minutes, 10 minutes and 15 minutes, 
respectively. The resultant films were washed with 
acetonitrile and dried. Resistances of the both film 

25 surface were measured. The results are illustrated in 

Fig. 12. The electrode side shows high conductivity only 
by 2 minutes polymerization. The surface resistance was 
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decreased In accordance with a decrease in polymerization 
time* On the other hand, the surface side remained 
insulative at the beginning. However, by 4 to 5 minutes 
polymerization, the surfaces showed conductivity. in other 
5 words, two-minute polymerization produced the structure 
shown in Fig, 2A, and four- or f ive-^ininute polymerization 
produced the structure shown in Fig. 2B. In practice, the 
structures shown in. Figs. 2A and 2B were confirmed by Augue 
electron spectroscopy of the film. 

10 Fig. 13A shows the thickness profile of a 

polyvinyl chloride-polypyrrole film having a conducting 
electrode side and an insulating surface side. Carbon and 
chlorine were uniformly distributed along the thickness of 
the film, while nitrogen contained in polypyrrole was 

15 detected from an intermediate portion of the film. This 
result confirms that this film has a structure shown in 
Fig. 2A. Onjthe other hand,, referring to Fig. 13B, carbon, 
chlorine and nitrogen were uniformly distributed along the 
thickness of a polyvinyl chloride-polypyrrole film in which 

20 both sides are conductive. Therefore, two polymers were 
combined to constitute an electrically conducting polymer 
film.^ 

These films : could be easily peeled from the ITO 
substrates. % The surfaces of these films were smooth and 
25 had high mechanical strength. Each of these films could be 
elongated by about. 1.2 times, 
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Example 101 

This example shows that a PVC film having a 
thipkness of 30 urn ' was made conductive. 

Polyvinyl chloride (PVC) was casted on an ITO 
5 substrate to form a film having a thickness of 30 Mm. This 
substrate was dipped in an acetonitrile-nitrobenzehe (4 
: 1) solution containing 1 mol/£ of pyrrole and 0.3 mol/i 
of tetraethyl axmnonium p-toluenesulfonate. On the 
substrate pyrrole was electrochem:ically polymerized at a 
10 voltage of 5 V for 20 minutes. The resultant film was 
cleaned and dried. The dried film was peeled from the 
electrode and was subjected to. resistance measurement in 
accordance with the 4-terminal method. A resistance of the 
electrode side was 250 il, and that of the surface side was 
15 480 fi. This film was entirely conductive. 
Example 102 

This example shows that a polyvinylidene fluoride 
film having a practical thickness was used to obtain an 
electrically conducting polymer film. 

20 Chromium and gold were deposited on a glass 

substrate to thicknesses of lOnra and l.OOnm to constitute 
• chromiiam and gold electrodes, respectively. An 

N,N-dimethylformamide solution of polyvinylidene fluoride 
was coated to form a polyvinylidene fluoride film having a 

25 thickness of 15 uni ... * The electrode with the film was 
dipped in an acetonitrile-ethanol (1 : 1) solution 
containing 1 mol/Z of pyrrole and 0.3 mol/H of 



- 53 - 



0247366 



tetraethylammonium tetraf luoroborate for 5 minutes . On the 

electrode pyrrole was electrochemically polymerized at a 

2 

voltage of 5 V and a charge density of 0.03 C/cm to obtain 
a composite polyvinylidene fluoride film. The resultant 
5 film was washed^ dried and peeled from the substrate. This 
film had a thickness of 18 usn . Only the electrode 

side was conductive (surface resistance of 420 fl) , and the 
surface side was insulative and had a resistance of more 
than 10 M£2. Since glass transition point of polyvinylidene 
10 fluoride was lower than room temperature, the film had 
flexibility and was glossy. 

In order to test that the mechanical strength of 
this film was improved, elongation and the Young's modulus 
were measured. Results are summarized ijx Table 6 below. 



15 Table 6 Young's Modulus and Elongation 

Young's modulus (K/cm^) Elongation (%) 



Polyvinylidene 
fluoride film 


1.7 X 10 ^ 


65% 


Polypyrrole/ 
BF^ film 


1.2 X 10 ^ 


5% 


Hybrid con- 
ducking film 
(0.03 C/cm^) 


3.2 X 10 ^ 


60% 



Note: Film thickness of each film was 18 urn 

The Young's modulus of the composite conducting 



film V7as about twice that of the polyvinylidene fluoride . 
film and about two and half times that of the 

25 

polypyrrole/BF . film. The elongation of the composite film 
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was 60% which was almost the same as that of the PVDF film 
and much greater than that (5%) of the polypyrrole film. 

As is apparent from the above description, when a 
high quality film such as the polyvinylidene fluoride film 
was used, a highly conducting film having high mechanical 
strength was obtained. 

Example 103 

This example shows that a thick conducting 
polymer film was obtained by using polyvinylidene fluoride. 

Chromium and gold were deposited on an ITO 
substrate having a sheet resistance of 20 /cia? to 
thicknesses of lOnm and 50 -nm- The ITO substrate 
deposited with chromium and gold was used as an electrode. 
A polyvinylidene fluoride film having a thickness of 150 um 
^5 .was cast on the substrate. 

This film was prepared such that the sxabstrate 
was dipped in an acetonitrile-ethanol (3 : 2) solution 
containing 1 mol/A of pyrrole and 0.5 mol/A of 
tetraethylammonium p-toluenesulfonate for 10 minutes and 
was electrochemically polymerized at a voltage of 7 V and a 



10 



20 



, 2 

charge density of 0.24 C/cm . 



The resultant film was washed, dried and peeled 
' off from the substrate. Only the electrode side was 
conductive, and a surface resistance was 620 
25; Comparative Example 

Even if a voltage of 2 V was applied to the same 
film as in Example 95, a current did not substantially flow 
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therethrough. The surface resistance of the electrode side 
was more than 50 kJJ. In this manner, when the film 
thipkness was increased, the voltage is better to be 
slightly increased. 
5 The following Example shows the case wherein two 

types of insulating polymer films were laminated, and the 
resultant laminate is changed conductive by an 
electrochemical polymerization, thereby preparing a 
composite two-layer conducting polymer film,. 

10 Example 104 

Chloromethylated polystyrene (to be referred to 
as a CMS hereinafter; molecular weight; 300,000) was coated 
on a NESA glass substrate to a thickness of 1.5 urn. 
Light from a 500— W Xe lamp irradiated the film to crosslink 

15 the CMS film* A cyclohexane-chloirobenzene (2 : 1) mixture 
of ethylene— viny lace tate (88 : 12) copolymer was 
spin-coated on the film to form a film having a thickness 
of 1.0 -Uni:,. The resultant substr^ate was dipped together 

with a platinum mesh electrode as the counter electrode iii 

20 an acetonitrile-tetrahydrofuran-chlorobenzene (80 : 10 

: 10) solvent mixture added with 1 mol/H of pyrrole and, 
0.3 mol/Z of tetraammonixim tetraf luoroborate as an 
electrolyte.r On the substrate, pyrrole was 
electrochemically polymerized at a voltage of 2.0 V for 20 

25 minutes to precipitate black polypyrrole on the substrate. 
The resultant film had a thickness of 2.9 ura and could 

be easily peeled from the NESA glass substrate. The film 
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structure had. a two- layer structure wherein a black 

conducting film obtained by mixing CMS and polypyrrole and 

an ^VA film were laminated. The EVA film had high 

mechanical strength/ so that the resultant two-layer 

5 structure also had high mechanical strength. An electrical 

conductivity of the composite CMS-polypyrrole film was 

4.3 S.cia"\ and the EVA film was insulative and had an 

' 7 -1 ' 

electrical conductivity less than lO" S.CSJ . the 

two-layer film, since crosslinked CMS was slightly swelled 

10 in the casting EVA solvent, CMS and EVA were slightly mixed 

at an interface thereof. As a result, adhesion between 

these two layers was good, nor would the layers peel from 

each other &t their interface. 

Excunple 105 

Five -NESA glass substrates each coated with two 
films consisting of a CMS film (thickness of i.Sjira 
and an EVA film (thickness of 1.2 pm ) . in the same 
manner as in Example 104 were prepared. These' substrates 
were dipped in the same electrochemical polymerization 

20 solution as in Example 104 and pyrrole was 

electrochemically polymerised at a voltage of 2.0 V for 10 
seconds, 30 seconds, 2 minutes, 10 minutes and 60 minutes, 
respectively. When the polymerization time was increased, 
the film thickness was increased. The respective 

25 stabstrates were covered with uniform, smooth EVA films. 
. Each resultant film comprised a composite CMS -polypyrrole 
film and was peeled from the corresponding substrate. The 
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electrical conductivities of the CMS-polypyrrole surfaces 
of the respective composite films were 2 x 10^*, 4 x 10*"^, 
1 3^ 10^^^ 3.2 X 10""^ and 9.2 S.cin"\ The electrical 
conductivities of these films were found to be controlled in 
5 accordance with the polymerization time. 
Example 106 

Polyglycidyl methacrylate (to be referred to as 
PGMA hereinafter; molecular weight: 85^000) was coated to a 
thickness of 0.2 um on an n-type silicon substrate 

10 having a resistivity of 5 S*cm ^. The PGMA film was baked 
at a temperature of 200 for 30 minutes Polyvinyl 
carbazole (to be referred to as PVCZ hereinafter; molecular 
weight: 460,000) was coated on the PGMA film to a thickness 
of 1.0 um. The resultant substrate was used as a 

15 positive electrode and was dipped together with a platinum 
mesh electrode as a, counter electrode in an acetonitrile 
solution dissolved with 1 maX/S. of thiophene and 0.2 mol/£ 
of tetraethylainmonium perchloirate. On the substrate 
thiophene was electrochemlcally polymerized in a nitrogen 

20 gas atmosphere at a voltage of 3.0 V for 20 minutes , 

thereby precipitating bluish black polythiophene on the 
substrate. This film had a substantially uniform thickness 
of 1.5 um ... and had good adhesion wiiJi the substrate. 
The film was cut from the substrate and subjected to 

25 measurement of electrical conductivity from the surface 
thereof. An electrical conductivity was 0.75 "ro. 
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Polythiophene was hybridized in two layers of the PGMA and 
PVCZ layers. 
Example 107 

In the same manner as in Example 106, PGMA ai^d 
5 PVCZ were coated on an n-type silicon substrate to 

thicknesses of 0.8 um and 0,2 . respectively, 

EVA was then coated to a surface of the PVCZ layer to a 
thickness of 1.2 urn The resultant substrate was 

dipped together with a platinum mesh electrode as a counter 

10 electrode in an acetonitrile-tetrahydrofuran-chlorobenzene 
(9:1: 1) solvent containing 1 mol/£ of pyrrole and 
0.4 mol/Jl of tetraethylainmonium perchlorate. On the 
substrate pyrrole was electrochemically polymerized at a 
voltage of 2.0 V for 35 minutes. Polypyrrole was 

15 precipitated on the substrate and the composite film had a 
thickness of 2.6 um. The resultant film had good 

adhesion with the substrate. The surface of the film was 
glossy in the same manner as in the state before 
electrochemical polymeirization was perfoinned. The film was 

20 cut off from the substrate, and the structtire and. 

electrical conductivity of the film were examined. The EVA 
layer was laminated on a composite PGMA/PVCZ layer mixed 
with polypyrrole. The PCMA/PVCZ surface and the EVA 
surface had electrical conductivities of 16 S.cia. ^ and 

25 2 X 10~^ s.cra'\ respectively. When the laminate film 

formed on this substreite and the film without the EVA film 
of Example 105 were exposed to air for 30 days, electrical 
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conductivity of the film in Example 105 was decreased by 
10 %r while the film conductivity of Example .106 was 
decreased by only 2%. This indicated that the EVA film 
served as a protective film, and that, the stability of the 
5 electrically conducting polymer could be improved by the 
laminate structure* 
Example 108 

Novolak iresin (molecular weight of Sj^OOO) was 
coated on a NESA glass substrate to a thiclcness of 0.2 ura 

10 \^±cr& ii and was baked at a temperature of 200 for 30 
minutes. Poly-2-vinylnaphthalene (molecular weight of 
18,000) was coated on the novolak resin film to a thickness 
of 1.1 ura. ' The resultant substrate was dipped in an 

acetonitrile-water-ethylene glycol (98 : 1 : 1) solution 

15 added with 1 molA of 3-methylpyrrole and 0.4 rnol/A of 

tetraethylaiiimonium p-toluenesulfonale. On the substrate, 

•i 

3-methylpyrrole was electrbchemically polymerized at a • 
voltage of 1.4 V for 20 minutes to precipitate bluish black 
poly-3-methylpyrrole. The resultant film had good adhesion 

20 with the substrate and was entirely mixed with conducting 
poly-3-methylpyrrole. The film was peeled from the 
substrate, and its electrical conductivity was O.sS.cra"^^. 
Example 109 

Chromium and gold, were deposited on a glass 

25 substrate to thicknesses of lOnra and 50nm. A polyvinyl 
carbazole film having a thickness of Sum was prepared 
by casting from ai tetrahydrofuran solution of polyvinyl 
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carbazole (molecular weight of 460,000) . The resultant 

substrate was dipped together with a platinum-plated 

tit^anium mesh electrode as a counter electrode in an 

acetonitrile solution containing 1 mols/£ of pyrrole and 

5 0.3 mol/Jl of tetraethylammonium tetraf luoroborate . The 

pyrrole was electrochemically polymerized at a voltage of 

3.0 V for a predetermined period of time. The polymerized 

film was washed, dried and peeled from the substrate. The 

» 

visible light absorption spectrum of the film was measured 

10 by a double beam spectrophotometer UVIDEC-505 available 
from JASCO. The surface resistivity was meaisured by 
4-terminal method. The surface resistivities (fl^cm) of 
various films were plotted along the abscissa, and the 
transmittances (%) thereof were plotted along the ordinate 

15 in Fig. 4. In the films prepared in Example 109, the 
transmittance was more than 50%, and the electrical 
conductivity was up to a high conductivity of 1 S.cfirr'. 

In this manner, an electrically conducting film 
with a high transmittance could be prepared and could be 

20 used as a transparent ajitistatic film. 

However, it is difficult to obtain a highly 
conductive polymer film with a high transmittance . When 
such a film has a large thickness, only one surface can be 
changed electrically conductive. 

25 Example 110 

A cyclohexatione solution of vinylidene 
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chloride-viiiylchloride copolymer (80 s 20) was cast oh an 
ITO substrate to prepare a 35 um .'. film. The svibstrate 
with the film was dipped in an acetonitrile-nitrobenzene 
(4 : 1) solution containing 1 mol/£ of pyrrole and 0.3 mol/£ 
5 of tetraethylainmoniim perchlorate and pyrrole was 

electrochemically polymerized at a voltage of 2 V for 1^5 
ininutes (0.02 C/cm ). The resultant film was washed, dried 
and peeled from the sxibstrate and subjected to measurement 
of a surface resistance and a transraittance. The electrode 
10 side of the film was conductive to a surface resistance of 
2,500 Si, and the film surface side was insulative to a 
surface resistance of more than 10^ fl. A transmittance of 
the film was 72%. in this manner, a film having a large 
thickness, one conducting surface and a high transmittance 
15 was obtained. 
Example 111 

Chromium was 'deposited on a glass substrate to a 
thickness of ^ nm. ^ indium tin oxide (ITO) layer was 
sputtered on the chromium film to a thickness of 150 nm. 

20 These layers Were used as the electrode side for 

electrochemical polymerization. A tetrahydrofuran solution 
of polyvinyl chloride was cast on the surface of the 
resultant substrate to form a polyvinyl chloride film 
haying a thickness of 35 

25 On the other hand, an acetonitrile-nitrobenzene 

(2 : 1) solution was prepared as an electrochemical 
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polymerization solution containing 1.5 mols/ JL of pyrrole 
and 0.4 mol/Z of tetraethylanunonium p-toluenesulfonate. 

^ The electrode with the polyvinyl chloride film 

was dipped together with a platinum-plated titanium mesh 
5 electrode as a counter electrode iii the electrochemical 
polymerization solution. A voltage of 2.0 V was applied 
between two electrodes, and electrochemical polymerization 
was performed for 2 minutes. A resultant film was washed, 
dried and peeled from the electrode. At this stage, the 

10 electrode side of film was conductive. Then, the surface 
side of the film was thermally stuck to the electrode 
surface at a temperature of 60**C. Again, the electrode 
with the film was dipped together with the platinum-plated 
titanium mesh electrode in. the electrochemical 

15 po lymeriz at ioii solution, and the electrochemical 

polymerization was carried out at a voltage of 2.0 V for 2 
minutes. Thus, both sides of film was changed conductive^ 
A resulteuit film was washed, dried and peeiled from the 
electrode. The electrical resistance and transmittance of 

20 the film were measured. The results are summarized in 
Table 7. 



25 
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Table 7 



Thickness 


35.2 to 35.5 microns 


She^fc resistance of 
upper surface .*1 


4.2 to 5.0 ]d2/ cra^ 


Sheet resistance of 
lower surface ♦! 


4.5 to 5.3 kfi/ cin^ 


Resistance along thickness 


> 10® SI 


Transraittance (633. rim) 


52% 



*1 The surface of the film which contacts the 
electrode in the first electrochemical 



polymerization is defined as the upper surface, 
and the surface which contacts the electrode in 
the second electrochemical polymerization is 
defined as the lower surface. 

As is apparent from Table 7, the conductive 
property was attributed to the surface and electrode sides 
of the film and the portion along the direction of 
thickness of the film indicated a high resistance. The 
film had a hxgh transmittance of more than 50% » 
Example 112 

An N^N-dimethylformamide solution of 
polyviny lidene fluoride was cast on the same electrode as 
in Example 111 to form a film having a thickness of 15 urn. 

On the other hand, a nitrobenzene-ethanol (5 s 1) 
solution containing 1 mol/H of 3-methylthiophene and 
0.3 mol/ Z of tfetraethylaramonium perchlorate was prepared i 
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The electrode with the polyvinylidene fluoride 
film was dipped in the erectrochemical polymerization 
sol^ition. A voltage of 4.0 V was applied between the 
electrode with the polyvinylidene fluoride film and the 
5 platinum-plated titanium mesh electrode/ and polymerization 
was performed for one minute to prepare a 3 -methyl thiophene 
film* This film was washed, dried and peeled from the 
electrode. 

Then, the surface side of this film was thermally 
10 stuck ' to the electrode surface. The electrode was dipped 
in an electrochemical .polymerization solution of 
3-methylthiophene and electrochemical polymerization was 
carried out at a voltage of 4.0 V for one minute, thereby 
polymerizing methy Ithiophene . The resultant film was. 
15 washed, dried and peeled from the electrode. The 

electrical resistance cind transmittance of. the film were 
measured. The results are summarized in Tablie 8. 



Table 8 



Thickness 


15.5 to 15.8 urn 


Sheet resistance of 
upper surface 


7.4 to 8.6 kn/ cin^ 


Sheet resistance of 
lower surface. *1 


7.5 to 8.6 kft/ ciii^ 


Resistance along thickness 


> 10^ n 


Transmittance <633 nm) 


43% 



25 As is apparent from Teible 8 , electrical 

conduction was attributed to the surface ajid electrode 
sides of the film. A portion along the direction of. 
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thickness of the. film indicated a high resistance. The 
film had a high transmittance of more than 62% • 

> The following exsimple will be suitable for 

continuous formation of an electrically conducting polymer 
5 film. . . 

Example 113 

A polyvinylidene fluoride film having a thickness 
of 12 urn was set in the manufacturing apparatus shown 

in Fig. 9. The stainless steel thermal transfer roller 88 

10 was heated to a temperature of 50**C. A film was 
transferred to a drum-like electrode (made of a 
platinum-plated titanium drum) . Ah electrochemical 
polymerization solution comprised an acetonitrile-ethanol 
(4 : 1) solution containing 2,0 mbls/Jl of pyrrole and 

15 1.0 mol/Z of tetraethylammonium perchlorate. The film 
coated on the drtjm-like electrode was sid>jected to 
electrochemical polymerization at a voltage of 3*5 V for 10 
minutes. The resultant film was washed with water, air 
dried r and wound. The surface side of the resultanti film 

20 had a resistance of 800 and t:he electrode side thereof 
had a low resistance of 350 ft. 
Example 114 

Chromium and indium tin oxide C31TO) were 
deposited on a glass substrate to thicknesses of 10 nm and 

25 50 nm, thereby constituting an electrochemical 

polymerization electrode. A cyclohexanbne solution 
-containing 15 parts by weight of polyvinylidene fluoride 
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and heated at a temperature of 130 •C was cast on the 
electrode. The electrode with film was dipped in ethanol 
and> dried to obtain a translucent porous film having a 
thickness of 0.5 mm. A porosity of this film was 45%. 
5 On the other hand, an 

acetonitrile-N,Nrdimethylformamide (9 : 1) containing 
1 mol/i of pyrrole and 0.3 mol/i of tetraethylammonium 
tetraf luoroborate was prepared as an electrochemical 
polymerization solution. The electrode with the film was 
10 dipped in this solution. A voltage of 2.5 V was applied 
between this electrode and a platinum mesh electrode as a 
counter electrode for 30 minutes, thereby polymerizing 
pyrrole . 

Black conducting polypyrrole was precipitated on 
15 the electrode. The film was removed from the electrode, 
and electrical conductivities of the portion along the 
direction of thickness, the lower, surface and the upper 
surface were measured to be 4.2 S.cia~\ 6.5 S.cra ' and 
3.4 S.cm'^. In this manner,, the film was entirely 
20. conductive. 
Example 115 

A methylisobutylketone solution of polyglycidyl 
methacry late was spin-coated on an electrode substrate 
prepared in the same manner as in Example 114 to form a 
25 polyglycidyl methacry late film having a thickness of 

2 uo, A porous polycarbona.te f ilm NUCI.EPORE (trade 

name) available from NUCLEPORE Corp. arid having a thickness 
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of 1 mm was bpnded by thermocompression on the polyglycidyl 
methacrylate film. The resultant sxabstrate was heated in a 
nitrogen atmosphere at a temperature of ISO^C for 30 
minutes. . ' . 

5 oh the other hand, an acetonitride solution 

containing 1 mol/£ of thiophene and 0,4 mol/£ of 
tetraethylammonium perchlorate was prepared as an 
electrochemical polymerization solution. The electrode 
substrate with the film was dipped tbgether with a platiniim 

10 mesh electrode as a counter electrode in this solution. A 
voltage of 4.0 V was applied between these two electrodes 
to form poly thiophene. The resultant film was peeled from 
the substrate, and its electrical conductivity was 
measured. An electrical conductivity along the direction 

15 of thickness of the film was 0.8 S.cia \ an electrode side 
thereof was 0.4 S.cia \ and a surface side thereof was 
0.25 S.ca^-. A substantially uniform electrically 
conductijig polymer film was obtained. 
Example 116 

20 A tetrahydrofuran solution was prepared by mixing 

polyvinyl chloride resin and carbon bla.ck powder having a 
p.airticle size of 0.2 to 3 - urn - at <a volume ratio of 
3:1. Chromium and gold were deposited on a glass 
substrate to thicknesses of lOnin and 1 OOnm, jand indium 

25 tin oxide was sputtered thereon, to a thickness of 200nm, 
thereby preparing an electrochemical polymerization 
electrode. The tetrahydrofursin solution was coated on the 
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electrode by a doctor blade to obtain a carbon 
black-containing polyvinylchloride film to a thickness of 
50 >um and was oven dried at a temperature of 80 ®C for 

15 minutes. 
5 On the other hand, an 

acetonitrile-tetrahydrofuran (2 : 1) solution containing 
1 mol/l of pyrrole and 0.4 mol/Jl of tetraethylammonium 
p-toiuenesulfonate was prepared as an electrochemical 
polymerization solution. A voltage of 3.5 V was applied to 

10. the electrode with the film and the counter electrode in 

the electrochemical polymerization solution for 15 minutes, 
thereby polymerizing pyrrole. The resultant film was 
obtained such that carbon black and polypyrrole were 
dispersed in polyvinyl chloride axtd could be easily peeled 

15 from the electrode. 

The film had an electrical conductivity of 
5 X. 10 5. cm., before electrochemical pplymerization. 
However, when electrochemical polymerization was * performed, 
. an electrical conductivity of the electrode side was 

20 25 S-cia \ and the surface side had an electrical 

conductivity of 22 S.cia"\ As a result, a highly conductive 
uniform polymer film before polymerization was prepared. 
Although the film before polymerization was brittle, the 
polymerized film dispersed with polypyrrole had high 

25 mechanical strength. 
Comparative Example 

A polyvinyl chloride film was coated on the same 
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electrode as in Eicample 116 to a thickness of 50. 

and was dried at a temperature of 80**C for 15 minutes. . 

^ Pyrrole was electrochemically polymerized on the 

electrode with the film in the same manner as in 

5 Example 115, The resultant film was obtained such that 

polypyrrole was dispersed in polyvinyl chloride. The film 

was peeled from the substrate. An electrical conductivity 

Q -1 

of the electrode side was 12 ^-c™ » and that of the surface 

-1 ' ' 

side was 3.5 S-cra ' 

10 When carbon black was not contained in the 

resultant polymer film, the electrical conductivity was 

decreased to half, and a difference between the electrical 

conductivities of the two surfaces was great. 

Example 117 

15 A methyl ethyl ketone solution was prepared by 

mixing polystyrene resin and tin oxide powder having a 
particle size of 0.2 to 0.5 um at a volume ratio o£ . 

3:1. The solution was coated by a doctor blade on the 
same electrode as in. Example 115 to form a tin 

20 oxide-containing polystyrene film haying a: thickness of 80 um 
This film was dried in an oven at a temperatuxe 
of 100 for 15 minutes. On the other hand, an 
acetonitrile-methyl ethyl ketone containing 1,2 mols/£ of 
thiophene and 0.4 mol/£ of tetrabutylammoniuici 

25 p-toluenesulfonate (2 : 1) was prepared as an 

electrochemical polymerization solution. The electrode 
with the film was dipped in this solution for 15 minutes . 
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A voltage of 4.0 V was applied . between the electrode with 
the film and a platinum-plated titanitim mesh electrode as a 
coujiter electrode for 20 minutes to electrochemically 
polymerize thiophene. The resultant film was obtained such 
5 that tin oxide and polythiophene were dispersed in 

polystyrene and the film could be easily peeled from the 
electrode. An electrical conductivity of the film before 
polymerization was 2 x lo"^. S.cm ^. However^ after 
polymerization the electrical conductivity was increased to 
10 3«2 .S.cis^]. In addition, the mechanical strength of the 
film was also improved. 
Example 118 

A solution obtained by mixing nickel powder in an 
ethylene-vinylacetate resin at a volume ratio of 3 : 1 was 

15 bonded by thermocompression using a thermal transfer roller 
to form a film having a thickness of 60 um • on the same 
electrode as in Example 115. 

On the other hand, an 
acetonitrile-tetrahydrofuran-chlorobenzene (2:1:1) 

20 containing 1 mol/l of pyrrole and 0.4 mol/l of 

tetraethylammonium perchlorate was prepared as an 
electrochemical polymerization solution. A voltage of 
3.3 V was applied between the electrode with the film and a 
platinum-plated titanium mesh electrode as a counter 

25 electrode in the electrochemical polymerization solution 
for 20 minutes/ thereby polymerizing pyrrole • The 
resultant film was obtained such that nickel powder and 
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polypyrrole were dispersed in an ethylene-vinylacetate 
copolymer and could be easily peeled, from the electrode. 

V An electrical conductivity of the film before 

electrochemical polymerization was 4.5 x lO""^ S.cm""^ 
5 However, after electrochemical polymerization a 

conductivity of the electrode side was 18 S. cm" \ and that 
of the surface side was 12.5 S.cin-1. a highly conductive 
uniform polymer film was obtained. 

The mechanical strength of the film was greatly 

10 improved. 

Example 119 

A methyl ethyl ketone solution obtained by mixing 
5% by weight of CBr^ in polyvinylchloride (molecular weight 
of 70,000) was cast on a glass substrate deposited with 
15 gold having a thickness of BOnra to form a film havingr a 

thickness of about 50 urn The substrate with the film 

was heated at a temperature of 100 for 20 minutes to 
remove CBr^. Thereafter, the substrate was dipped in an 
acetonitrile solution containing 0.3 mol/£ of 
20 tetraethylammonium perchlorate and 1 mol/£ of pyrrole. The 
deposited gold film was used as a cathode, and a platinum 
mesh electrode was used as a coiinter electrode. A voltage 
of 3.0 V was applied between the two electrodes for 10 
minutes to perform electrochemical polymerization. As a 
25 result, black polypyrrole was formed on the substrate. The 
resultant film was washed, dried and peeled from the 
substrate. The electrical conductivities of the electrode 
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and surface sides were measured by the 4-tenninal method. 
An electrical conductivity of the electrode side was 
12 $.ciii~^-i and that of the surface side was 7.5S-cin ^ . In 
this manner, the entire film was made conductive. 
5 Comparative Example 

A methyl ethyl ketone solution was cast on a 
glass substrate deposited with gold having a thickness of 
50 nil to form a polyvinyl chloride (molecular weight of 
70,000). film having a thickness of 50 ura This film 

10 was subjected to electrochemical polymerization in the same 
manner as in Example 111, and polypyrrole was precipitated 
on the substrate. An electrical conductivity of the 
. electrode side was 5.0 S.cm'\ and that of the surface side 
was 10~^^S:cia'^ which represented insulative property. 
15 This indicated that polypyrrole was not grown to the 
surface of the. film. 
Example 120 

A chlorobenzene solution obtained by adding 12% 
by weight of phthalic anhydride in an ethylene-vinyl 

20 acetate (82 : 18) copolymer was cast on a glass substrate 
deposited with gold having a thickness of 50nm in- a 
thermostat kept at 50«»C, thereby obtaining a film having a 
thickness of 25 um. The substrate with the film was 

placed in a vacuum oven at a reduced pressure of 1.33-x 10*Pa(1 mmHg) for 

25 15 minutes to rCTiove phthalic anhydride. Then the 
substrate was dipped in an . 

acetonitrile-chlorobenzene-cyclohexane (98 : 1.5 : 0.5) 
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containing 0.3 raol/£ of tetraethylammohivun perchlorate and 
1 mol/£ of pyrrole. The deposited gold ikyer was used as a 
cathode, and a platinum mesh was used as an anode. Pyrrole 
was electrochemically polymerized at a voltage of 3.5 v for 
5 10 minutes. The resultant film was washed, dried and 

peeled from the substrate. The electrical conductivities 
of the films were measured in accordance with the 
4 -terminal method. The electrical conductivity of the 
electrode side was 12 S.cm"\ and that of the surface side 
10 was 8 S.cin"^ In this manner, the resultant film had a high 
electrical conductivity. This indicated that polypyrrole 
was grown throughout the film and had reached its. surface. 
Comparative Example 

In the same manner as in Example 120, by using a 
15 chlorobenzene solution of an ethylene-vinyl acetate (82 
: 18) polymer, a film having a thickness of 22 um was 
formed on a gold-deposited glass substrate. Pyrrole was 
electrochemically polymerized in the same mannkr as in 
Example 112. No polypyrrole was formed, and two surfaces 
20 of the film were insulative. 
Example 121 

A methyl ethyl ketone solution obtained by adding 
10% by weight of camphor to polystyrene (molecular weight 
of 350,000) was cast on a glass substrate deposited with 
25 platinum having a thickness of 50 nm. thereby obtaining a 
film having a thickness of' 85 um. The substrate with 



- 74 - 



0247366 

the film was exposed in a vacuum oven at a reduced pressure 
of 1.33 X 10* Pa (T ramHg) and a temperature of yO'C for Sninutes toranove 
carifphor. Thereafter, the substrate was dipped in an 
acetonitrile solution containing 0.5 rool/£ of. 
5 tetraethylammonium p-toluenesulf onate and 1.2 mols/)L of 
thiophene- The deposited platinum layer was used as a 
cathode, and a platinum mesh electrode as a counter 
electrode was used as an anode. Thiophene was 
electrochemically polymerized at a voltage of 4.0 V for 10 
10 minutes to precipitate blue poly thiophene.. The resultant: 
film was washed, dried and peeled. from the substrate. The 
electrical conductivities of the electrode and surface 
sides of the film were measured iti accordance with the 
4 -terminal method. An electrical conductivity of the • 
electrode side was 1.5 S.cm'\ and that of the surface side 
was 0.95 SiCm'^ The entire film was made highly 
conductive. 
Comparative Example 

A methyl ethyl ketone solution of polystyrene 
(molecular Weight of 350,000) was cast on a substrate 
deposited with platinum having a thickness of 5tkm, 
thereby obtaining a polystyrene film having a thickness of 
80 um. ■ - The film was electrochemically polymerized in. 
the same manner as in Example 113, and polythibphene was 
25 precipitated on the substrate. The electrical 

conductivities of this film were measured in the same 
manner as in Example 113. A conductivity of the electrode 



15 



20 
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side was 1.3 S.cni ?, and that of the surface side thereof 
was insulative and less than lO""^^ S.cm"\ 
Example 122 

An acetone solution obtained by adding 15 parts 
by weight of pyrrole to 100 parts by weight of a polyvinyl 
chloride was cast on a glass substrate deposited with 
gold having a thickness of 70 nm thereby obtaining a 
pyrrole-containing polyvinylchloride copolymer film having 
a thickness of 45 

The substrate with the film was dipped in an 
acetbnitrile solution containing 1 mol/£ of pyrrole and 
0.4 mol/SL of tetrabutylammonium perchlorate for 10 minutes. 
Electrochemical polymerization, was then performed at a 
voltage of 2.5 V for 10 minutes, thereby precipitating 
polypyrrole. 

The electrical conductivities of the film were 
measured. An electrical conductivity of the electrode side 
was 8 ScmJ, and that of the surface side was 6.5 S-cm"*. 
In this manner, a substantially uniform conducting film was 
obtained* 
Example 123 

A tetrahydrofuran-cyclohexanone (1:1) solution 
containing 18 parts by weight of tetrabutylammonium 
perchlorate with respect to 100 parts by weight of a 
vinylidene chloride-vihylchloride (70 : 30) polymer was 
cast on a glass substrate deposited with. gold having a 
thickness of 70 nm, so. that a film containing 
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tetrabutylaininonium perchlorate and having a thickness of 45 um 
was ob-bained. 

When pyrrole was electrochemically polymerized on 
the substrate with this, film in the same manner as in 
5 Example lllf black polypyrrole was obtained. 

Electrical conductivities of this film were 
measured. A highly conductive film was obtained wherein 
electrical conductivity of the electrode side was 
5^5 S.on "\ and that of the surface side was 4.8 S.cra 
10 In the vinylidene , chloride-vinyl chloride 

copolymer film which did not contain tetrabutylammonium 

perchlorate^ an electrical conductivity of the surface side 

-15 -1 
was less than 10 S.cm . 

in Exaitiples 114 and 115, since the 

15 electrochemical polymerization solution consisted of 

pyrrole and tetrabutylammonium perchlorate, the 

elejctrochemical polymerization isolution would not be 

contaminated even i£ pyrrole or tetrabutylammoniiam 

perchlorate was contained in the film. However, even if 

20 other materials dissolved in the electrochemical 

polymerization solution were mixed in the film, the same 

effect could be obtained. 

Example 124 

An aqueous solution containing 20 parts by weight 
25 of sodium chloride with respect to 100 parts by weight of 
polyvinyl alcohol (molecular weight of 120,000) was cast on 
a glass substrate deposited with platinum having a 
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thickness of lOOnm to obtain a polyvinyl alcohol film 
containing sodivuh chloride and having a thickness of 20 un 

T The substrate with this film was heated at a room 

temperature for 10 minutes and was dipped in water at a 
5 room temperature for 10 minutes to remove sodium chloride. 
Thereafter / the substrate was dipped in an 

acetbnitrile-water-ethylene glycol (70 : 10 : 20) solution 
containing 1 mol/A of pyrrole and 0.4 mol/SL of 
tetrabutylammonium chloride. K voltage of 3,2 V was 

10 applied between the electrodes to electrochemically 
polymerize pyrrole for 10 minutes. Electrical 
* conductivities of the resultant film were measured. A 
istLbstantially uniform highly conductive polymer film was 
prepared wherein an electrical conductivity of the 

15 electrode side was 12.0 S.cm ^, and that of the surface side 
was 8 .5 S.cm \ 

Polymerization was performed in polyvinyl alcohol 
which did not contain sodium chloride under the same 
conditions. In this case, polypyrrple was slightly 

20 precipitated on the electrode side^ and the surface side 
was kept insulative . 
Example 125 

A tetrahydrofuran solution obtained by adding 10% 
by weight of dioctylphthalate to polyvinylchloride 
25 (molecular weight of 70,000) was casted on a substrate 
deiposited with gold having a thickness of about 50run> 
. thereby obtaining a film having a thickness of about Sum 
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The substrate with this film was dipped in an 
acetonitrile solution containing 0.3 mol/Z of 
tet^raethylammonium p-toluenesulf onate and 1 mol/H of 
pyrrole. The substrate wa3 used as a cathode, and a 
5 platinum mesh electrode was used as an anode. 

Polymerization was performed at a voltage of 3.0 V for 10 
minutes. As a result, black polypyrrole was precipitated 
on the substrate. The resultant film was washed, dried and 
peeled from the substrate. Electrical conductivities of 

10 the electrode and surface sides of the film were measured 
in accordance with the 4-Ttermihal method. The film was 
changed entirely cpnductive such that an electrical 
conductivity of the electrode side was 20 S.cm.\ and that 
of the surface side was 16 S.cm ^. 

15 Example 126 

A chlorobeiizene solution obtained by adding 12% 
by weight of dibutylphthalate to an ethylene-vinyl acetate 
(82 : 18) copolymer was cast on a glass substrate deposited 
with gold having a thickness of about SOnta in a thermostat 

20 heated at a temperature of 50 '•C,. thereby obtaining a film 
having a thickness of 25 The substrate with this 

film was dipped in an 

acetonitrile-chlorobenzene-cyclohexane (80 : 15 : 5) 
solution containing 0.3 mol/H of tetraethylammonium 
25 perchlorate and 1 mol/il of pyrrole. The substrate served 
as a cathode, and a platinum mesh electrode seirved as an 
anode. Electrochemical polymerization was performed at .a 
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voltage of 3.5 V for 10 minutes. The resultant film v/as 
washed^ dried and peeled from the substrate^ Electrical 
conductivities of the film were measured in accordance with 
the 4-terminal method- A highly conductive polymer film 
5 was obtained such that an electrical conductivity of the 

electrode side was 6 S.cm"^ ^nd that of the surface side was 
3.5 S.an \. This indicated that polypyrrole was formed 
throughout the film and had reached the surface thereof. 

In the above two examples, dialkylphthalate was 

10 partially dissolved in the electrochemical polymerization, 
solution. Therefore, as compared with the corresponding 
Comparative Example, it was assvimed that the 
electrochemical polymerization progressed slowly and that 
the entire film was made highly conductive. 

15 Example 127' 

Nickel ira.s sputtered on a 300-ram square glass 
substrate to a thickness of 7Giim, Indium tin oxide (ITO) 
was laminated by evaporation on the nickel surface to a 
thickness of ^ OOnra.- 

20 This substrate was used as a cathode for 

electrochemical polymerization to render a polyvinyl 
chloride film conductive. A methyl ethyl ketone solution 
o£ polyvinyl chloride (molecular weight of 70,000) was cast 
on the substrate to form a polyvinyl chloride film having a 

25 thickness of 1.5 urn The polyvinyl chloride film at a 

corner of the siabstrate was peeled so as to connect- to a DC 
power terminal. 
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On the other hand, an 
acetonitrile-tetrahydrofuran (3 : 1) solution containing 
1.5, mols/A of pyrrole and 0.45 mol/fc of tetraethylammohium 
p-toluenesulfonate was prepared as an felectrochemical 
5 polymerization solution. The substrate with the above film 
was dipped together with a platinum-plated titanium mesh 
electrode as a counter electrode in this solution. A 
voltage of 3.5 V was applied between these two electrodes, 
for 3 minutes, thereby precipitating, black polypyrrole on 

10 the substrate. 

A composite polyvinyl chloride-polypyrrole film 
had formed to a thickness of 1.8 um • This film could 
be easily peeled from the electrode substrate. The film 
neither curled nor wrinkled. After the film was peeled 

15 off, defects did not form on the surface of the electrode 
and the electrode could be repeatedly used. 

In order to test the uniformity of electrical 
conductivity of the film^ portions spaced apart by 50 mm, 
150 mm and 250 mm from the power terminal were cut off and 

20 were subjected to measurement of electrical conductivities 
in accordance with the 4-terrainal method. The results are 
shown in Table 9. The surface of the film which contacted 
the electrode was defined as the electrode side. 
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Tables 9 


Distance from 
terminal 


Surface side 
(S.cra"^ ) 


1 Electrode side 
, (S.cin"^ ) - 


50 mm. 


10.5 to 12.0 


12.5 to 13.5 


150 ram 


10.2 to 13.0 


10.8 to 12.8 


250 nua 


10.5 to 13.3 


11.2 to 12.5 1 



As is apparent, from Table 9, the electrical 
conductivities, throughout the electrode side were 
substantially uniform. 

When electrochemical polymerization was performed 
on a platinum-plated siibstrate, a composite polyvinyl 
chloride-polypyrrole film having a thickness of 1 . 9 u m 
was obtained. The resultant film could not be peeled from 
the substrate without defects. When an ITO electrode was 
deposited on a substrate having a sheet resistance of 
50 fl/ , a composite film having acn average thickness of 
1.75 microns. However, the surface resistances of the 
surface side 50 mm and 250 mm apart from the terminal 
varied by about 3 times, and. the corresponding electrode 
side portions were subject to a! 50% difference of 
electrical conductivities, resulting in nonuniform 
electrical conductivity distribution. 
Exaitiple 128 

Chromium was sputtered on a 300-inm square glass 
substrate to a thickness of eOnin. a phosphorus-doped 
amorphous silicon layer was deposited by CVD on the 
chromium film to a thickness of 2,5 um, a sheet 
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resistance of the substrate was 2.3 n/ . The substrate was 
heated at a temperature of 80 "C and a poiyviBylxdene 

fluoride film having a thickness of S-um. . _ 

thermocompressiveLy bonded thereto by a the.rm.al .transfer 

5 roller. - - - 

On the other hand, an acetonitrile solution 

containing 1.6 mols/£ of thiophene and 0.4 mdl/H of ■ 
tetraethylammonium tetraf luoroborate wa^' prepared. The 
substrate with the film was dipped together with a 

10 platinum-plated titanium electrode in the solution. A film 
portion was peeled off at a corner of the substrate to 
provide an electrode terminal. Thiophene waS' 
electrochemically polymerized at a voltage of 4' V for 5 
minutes. The resultant film was obtained as a cbmpbsite 

15 film of polyvinylidene fluoride and poly thiophene and had a 
thickness of 5.8 wn - The film couik "be easily peeled 

from the stibstrate and would neither curl nor wrinkle. 
After the film was peeled from the stabsti^ate, defects had 
not formed on the electrode surface. As a 'Result, the 

20 substrate electrode could be repeatedly ~us'^d. 

Electrical conductivities of the film ia&t& 
measured in the same manner as in Example 122 Wd were 
substantially uniform as shown in Table id". 
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Table 10 - 



Distance from 
terminal 


Surface side 


Electrode side 
(S.cm'b ~ 


50 nun 


12.5 to 13.2 


13.7 to 16.5 


150 mm 


13.0 to 14.1 


13.5 to 15.5 


250 mm 


10.2 to 12.7 


13.2 to 15.0 



Example 129 

The manufacturing apparatus shown in Fig. 9 is 

used.^^ 

Chromium was sputtered to a thickness of 60nm 



a surface of an aluminum drum having a diameter of 200 mm 
and a height of 200 mm. Indium tin oxide (ITO) was 
deposited by evaporation on the outer surface to a 
thickness of 1.5 In order to uniformly deposit 

the ITO film^ the drum was ro.tated while the . evaporation 
was performed. Sheets of MYLAR (registered trademark) were adhered to 
the upper and lower surfaces of the drum to insulating the upper and 

lower- surfaces. Each MYLAR- sheet had a thickness of 0.5 mm 
aj:id a hole of a diameter of 10 mm. 

The cylindrical electrode 81 was set^ as shown in 
Pig. 9. An ethylene-vinyl acetate (80 r 20) copolymer film 
32 having a thickness of 20 was thermocompressively 

bonded by the thermal transfer roller 83 on the electrode 
81. On the other hand^ am 

acetonitrile-chlorobenzene-N^Ndimethylformamide (3 : 1 : 1) 
containing 1.5 mols/£ of pyrrole and 0.5 mol/il of 
tetraethylammonium perchlorate was used as the 
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electrochemical polymerization solution 84. 35% pf the 
electrode was dipped in this solution in the 
electrochemical polymerization tank 85. A platinum-plated 
titaQium mesh electrode was used as the counter electrode 
5 86, and the terminal 87 was connected to the center of the 
side surface of the electrode, and a voltage was applied 
between the terminal 87 . and the counter electrode 8 6 to 
perform electrochemical polymerization. The drum electrode 
was rotated so that the polymerization time for each part 
10 of film corresponds to 10 minutes. The resultant black 
film was easily peeled from the electrode, and was washed 
and dried. The dried film was wound. 

The electrical conductivity of this film was 



found to be sxibstantially uniform 8.0 S.cm ^ + 20%. 



15 



20 



25 



- 85 - 



" 86 - 

CLAIMS 

!• An electrically conducting polymer film comprising 
.an insulating polymer film and an electrically conduct- 
ing aromatic polymer layer formed at least partially 
in the insulating polymer film by el ectrochemi cal 
polymerization, wherein the insulating polymer film 
comprises a polymer film having at least two laminated 
1 ayers . 

2. A film according to claim 1, wherein the insulat- 

ing polymer film comprises a crosslinked polymer 
materi al . 

3- A film according to claim 1, wherein the insulat- 
ing polymer film comprises a thermoplastic resin. 

4. A film according to any one of the preceding 
claims, wherein the insul ating. polymer film is porous. 

5. A film according to any one of the preceding 
claims, wherein the insulating polymer film contains 
a. conductive filler. 

6. A film according to any one of the preceding 
claims, wherein the insulating polymer film is formed 
oh an electrode substrate. 



7. A i^ilm according to any one of the preceding 

claims wherein, the conducting aromatic polymer layer 
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is formed on each of two surfaces of the insulat- 
polymer film. • 

8. A method of manufacturing an electrically 
conducting polymer film comprising the steps of: 
forming an insulating polymer film on an electrode 
substrate; and forming an electrically conducting 
aromatic polymer layer in at least part of the insulat- 
ing polymer filw by electrochemical polymerization, 
using as cathode an electrode on the electrode substrate, 
and as anode a counter electrode, both electrodes 
being dipped in an electrochemical polymerization 
solution, and a voltage being applied between the 
two electrodes to drive said electrochemical poly- 
merization v;h.erein the . i nsul ati ng polymer film comprises 

a polymer film having at least two . 1 ami nated layers. 

9. A method according to claim 8,. wherein the 
insulating polymer film comprises a cross-linked 
polymer material, and the step of forming the conductin^g 
aromatic polymer 1 ayer includes the step of crosslinking 
the insulating polymer film, 

10. A method according to. claim 8, wherein the 
insulating polymer film comprises a thermoplastic 
resin. 

11.. A method according to any one of claims 8, 
9 and 10, wh-eretn the" . .insul at.ing polymer film is 
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porous . 

12. A method according to any one of claims 8 
to 11, including the step of adding to the insulating 
polymer film a conductive filler. 

13. A method according to any one of cliairas 8 
to 12, wherein the insulating polymer film is formed 
on an electrode substrate. 

14. A method according to any one of claims 8 
to 13, wherein the conducting aromatic polymer layer 
is formed on each of two surfaces of the insulating 
polymer film. 

15. A method according to any one of claims 8 
to 14, wherein the step of forming the conducting 
aromatic polymer layer includes: 

adhering an Insulating polymer, to a positive 
electrode substrate; 

by electrochemical polymerization forming 
a first conductive aromatic polymer layer at the 
surface of the Insulating polymer film which contacts 
the substrate; 

peeling the polymer film from the electrode 
substrate; 

bringing into contact with the electrode substrate 
that surface of the polymer film which is opposite 
to the surface which carries the first conducting 
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aromatic polymer layer; and 

forming a second conducting aromatic polymer 
Crompound layer at the surface in contact with the 
electrode substrate by electrochemical polymerization. 

16. A method according to any one of claims 8 
to 15, wherein t:he step of forming the insulating 
polymer film on the electrode substrate includes 
the step of adding a removable material in the insulating 
polymer film, and the step of forming the conducting 
aromatic polymer layer includes the step of removing 
the removable material before and/or during electro- 
chemical polymerization. 

17. A method according to claim 16, wherein the 
step of removing the removabl e material comprises 
a heat treatment. 

18. A method according to claims 16 or 17 wherein . 
the step of removing the removable material comprises 

a reduced pressure treatment. 

19. A method according to claims 16, 17 or 18 
wherein the removable material is a material which 
is soluble In an electrochemical polymerization 
sol uti on . 

20. A method according to claims 16, 17 or 18, 
wherein the removable material comprises a material 
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which is Soluble in a solvent. 

21 A method according to any one of claims 8 

to 20, wherein the step of forming the insulating 
polymer film on the electrode substrate includes 
the step of coating an adhesive on the electrode 
substrate and the step of thermocompressi vely bonding 
the insulating polymer film to the adhesive. 
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